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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Website at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

» Microchip’s Worldwide Website; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our website at www.microchip.com to receive the most current information on all of our products.
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TABLE 3-9: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
. . . . . . . . Value on Value on all
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR | other Resets
Bank 7
38Ch [INLVLA - | = IN.VLAS | INLvEA4 | INLveAas | INLveA2 | INLvEAt | INLvEAo [ --11 1111 --11 1111
38Dh |— Unimplemented — —
38Eh  |INLVLC® - | = IN.VLC5 | INLVLC4 | INLVLC3 | INLVLC2 | INLVLC1 | INLVLCO | --11 1111 |--11 1111
30Fh |— Unimplemented — —
390h — Unimplemented — —
391h IOCAP — — IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAPO --00 0000 | --00 0000
392h IOCAN — — IOCANS IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCANO --00 0000 | --00 0000
393h IOCAF — — IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO --00 0000 | --00 0000
394h — Unimplemented — —
395h — Unimplemented — —
396h — Unimplemented — —
397h loccp® — — IOCCP5 I0CCP4 10CCP3 10CCP2 I0CCP1 10CCPO --00 0000 | --00 0000
398h IOCCN®) — — IOCCN5 IOCCN4 IOCCN3 IOCCN2 IOCCN1 IOCCNO --00 0000 | --00 0000
399h IoCCF®) — — IOCCF5 I0OCCF4 I0CCF3 I0CCF2 I0CCF1 I0CCF0 --00 0000 | --00 0000
39Ah
to — Unimplemented — —
39Fh
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, r = reserved. Shaded locations are unimplemented, read as ‘0’.

Note 1:

PIC12F1612/16F1613 only.

2:  Unimplemented, read as ‘1’.
3:  PIC12(L)F1612 only.
4:  PIC16(L)F1613 only.
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6.4 Low-Power Brown-Out Reset
(LPBOR)

The Low-Power Brown-Out Reset (LPBOR) operates
like the BOR to detect low voltage conditions on the
VDD pin. When too low of a voltage is detected, the
device is held in Reset. When this occurs, a register bit
(BOR) is changed to indicate that a BOR Reset has
occurred. The BOR bit in PCON is used for both BOR
and the LPBOR. Refer to Register 6-2.

The LPBOR voltage threshold (VLPBOR) has a wider
tolerance than the BOR (VBOR), but requires much
less current (LPBOR current) to operate. The LPBOR
is intended for use when the BOR is configured as dis-
abled (BOREN =00) or disabled in Sleep mode
(BOREN = 10).

Refer to Figure 6-1 to see how the LPBOR interacts
with other modules.
6.4.1 ENABLING LPBOR

The LPBOR is controlled by the LPBOR bit of
Configuration Words. When the device is erased, the
LPBOR module defaults to disabled.

6.5 MCLR

The MCLR is an optional external input that can reset
the device. The MCLR function is controlled by the
MCLRE bit of Configuration Words and the LVP bit of
Configuration Words (Table 6-2).

TABLE 6-2: MCLR CONFIGURATION
MCLRE LVP MCLR
0 0 Disabled
1 0 Enabled
X 1 Enabled

6.5.1 MCLR ENABLED

When MCLR is enabled and the pin is held low, the
device is held in Reset. The MCLR pin is connected to
VDD through an internal weak pull-up.

The device has a noise filter in the MCLR Reset path.
The filter will detect and ignore small pulses.

Note: A Reset does not drive the MCLR pin low. I

6.5.2 MCLR DISABLED

When MCLR is disabled, the pin functions as a general
purpose input and the internal weak pull-up is under
software control. See Section12.3 “PORTA Regis-
ters” for more information.

6.6 Watchdog Timer (WDT) Reset

The Watchdog Timer generates a Reset if the firmware
does not issue a CLRWDT instruction within the time-out
period and the window is open. The TO and PD bits in
the STATUS register are changed to indicate a WDT
Reset caused by the timer overflowing, and WDTWYV bit
in the PCON register is changed to indicate a WDT
Reset caused by a window violation. See
Section9.0 “Windowed Watchdog Timer (WDT)” for
more information.

6.7 RESET Instruction

A RESET instruction will cause a device Reset. The RI
bit in the PCON register will be set to ‘0’. See Table 6-4
for default conditions after a RESET instruction has
occurred.

6.8 Stack Overflow/Underflow Reset

The device can reset when the Stack Overflows or
Underflows. The STKOVF or STKUNF bits of the PCON
register indicate the Reset condition. These Resets are
enabled by setting the STVREN bit in Configuration
Words. See Section3.5.2 “Overflow/Underflow
Reset” for more information.

6.9 Programming Mode Exit

Upon exit of Programming mode, the device will
behave as if a POR had just occurred.

6.10 Power-Up Timer

The Power-up Timer optionally delays device execution
after a BOR or POR event. This timer is typically used to
allow VDD to stabilize before allowing the device to start
running.

The Power-up Timer is controlled by the PWRTE bit of
Configuration Words.

6.11 Start-up Sequence

Upon the release of a POR or BOR, the following must
occur before the device will begin executing:

1. Power-up Timer runs to completion (if enabled).
2. MCLR must be released (if enabled).

The total time-out will vary based on oscillator configu-
ration and Power-up Timer configuration. See
Section5.0 “Oscillator Module” for more information.

The Power-up Timer runs independently of MCLR Reset.
If MCLR is kept low long enough, the Power-up Timer will
expire. Upon bringing MCLR high, the device will begin
execution after 10 FOsc cycles (see Figure 6-3). This is
useful for testing purposes or to synchronize more than
one device operating in parallel.

© 2014-2017 Microchip Technology Inc.
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10.2.2 FLASH MEMORY UNLOCK FIGURE 10-3: FLASH PROGRAM
SEQUENCE MEMORY UNLOCK
The unlock sequence is a mechanism that protects the SEQUENCE FLOWCHART

Flash program memory from unintended self-write pro-
gramming or erasing. The sequence must be executed
and completed without interruption to successfully

complete any of the following operations:
Start
¢« Row Erase Unlock Sequence

» Load program memory write latches

Rev. 10-000047A
71302013

» Write of program memory write latches to Y
program memory Write 0x55 to
» Write of program memory write latches to User PMCON2
IDs
The unlock sequence consists of the following steps: y
1. Write 55h to PMCON2 Write OxAA to
2. Write AAh to PMCON2 PMCON2
3. Set the WR bit in PMCON1
Y

4. NOP instruction Initiate

5. NOP instruction Write or Erase operation
' (WR = 1)

Once the WR bit is set, the processor will always force
two NCP instructions. When an Erase Row or Program
Row operation is being performed, the processor will stall
internal operations (typical 2 ms), until the operation is
complete and then resume with the next instruction.
When the operation is loading the program memory write

Y

Instruction fetched ignored
NOP execution forced

latches, the processor will always force the two NCP ) J
instructions and continue uninterrupted with the next Instruction fetched ignored
instruction. NOP execution forced

Since the unlock sequence must not be interrupted,
global interrupts should be disabled prior to the unlock Y

sequence and re-enabled after the unlock sequence is End
completed. Unlock Sequence

© 2014-2017 Microchip Technology Inc. DS40001737C-page 106
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REGISTER 10-6: PMCON2: PROGRAM MEMORY CONTROL 2 REGISTER

W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0
Program Memory Control Register 2

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
S = Bit can only be set x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 Flash Memory Unlock Pattern bits

To unlock writes, a 55h must be written first, followed by an AAh, before setting the WR bit of the
PMCONT1 register. The value written to this register is used to unlock the writes. There are specific
timing requirements on these writes.

TABLE 10-3: SUMMARY OF REGISTERS ASSOCIATED WITH FLASH PROGRAM MEMORY

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | edisteron

Page
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF I0CIF 82
PMCON1 @ CFGS LWLO FREE WRERR WREN WR RD 117
PMCON2 Program Memory Control Register 2 118
PMADRL PMADRL<7:0> 116
PMADRH —@ | PMADRH<6:0> 116
PMDATL PMDATL<7:0> 116
PMDATH — | — PMDATH<5:0> 116
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by Flash program memory.

Note 1: Unimplemented, read as ‘1.

TABLE 10-4: SUMMARY OF CONFIGURATION WORD WITH FLASH PROGRAM MEMORY

Name |Bits | Bit-7 | Bit<6 | Bit13/5 | Bit124 | Bit1l3 | Bit10/2 | Bito/1 | Bitgio | cUISter
on Page
13:8 — — — — CLKOUTEN BOREN<1:0> —
CONFIG1 — p— 52
7:0 CP MCLRE PWRTE — — — FOSC<1:0>
13:8 — — LVP DEBUG LPBOR BORV STVREN | PLLEN
CONFIG2 — 53
7:0 ZCD — — — — — WRT<1:0>
13:8 — — WDTCCS<2:0> WDTCWS<2:0>
CONFIG3 53
7:0 — WDTE<1:0> WDTCPS<4:0>
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by Flash program memory.

© 2014-2017 Microchip Technology Inc. DS40001737C-page 118
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REGISTER 11-16: SCANTRIG: SCAN TRIGGER SELECTION REGISTER

u = Bit is unchanged

x = Bit is unknown

U-0 U-0 uU-0 u-0 uU-0 uU-0 R/W-0/0 R/W-0/0
_ — — — TSEL<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 TSEL<3:0>: Scanner Data Trigger Input Selection bits

1111-1010 = Reserved

1001 = SMT2_Match

1000 = SMT1_Match

0111 = TMRO_Overflow

0110 = TMR5_Overflow

0101 = TMR3_Overflow

0100 = TMR1_Overflow

0011 = TMR6_postscaled

0010 = TMR4_postscaled

0001 = TMR2_postscaled

0000 = LFINTOSC
TABLE 11-4: SUMMARY OF REGISTERS ASSOCIATED WITH CRC

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ErelgF',Z;e;

CRCACCH ACC<15:8> 125
CRCACCL ACC<T7:0> 125
CRCCONO EN CRCGO BUSY ACCM — — SHIFTM FULL 124
CRCCON1 DLEN<3:0> PLEN<3:0> 124
CRCDATH DAT<15:8> 125
CRCDATL DAT<7:0> 125
CRCSHIFTH SHIFT<15:8> 126
CRCSHIFTL SHIFT<7:0> 126
CRCXORH XOR<15:8> 126
CRCXORL XOR<7:1> — 126
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 82
PIR4 SCANIF | CRCIF | SMT2PWAIF | SMT2PRAIF | SMT2IF | SMT1PWAIF | SMT1PRAIF | SMT1IF 90
PIE4 SCANIE | CRCIE | SMT2PWAIE | SMT2PRAIE | SMT2IE | SMT1PWAIE | SMT1PRAIE | SMT1IE 86
SCANCONO EN SCANGO BUSY INVALID INTM — MODE<1:0> 127
SCANHADRH HADR<15:8> 129
SCANHADRL HADR<7:0> 129
SCANLADRH LADR<15:8> 128
SCANLADRL LADR<7:0> 128
SCANTRIG TSEL<3:0> 130
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for the CRC module.

*

Page provides register information.

© 2014-2017 Microchip Technology Inc.
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16.1.5 INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon completion of an Analog-to-Digital
conversion. The ADC Interrupt Flag is the ADIF bit in
the PIR1 register. The ADC Interrupt Enable is the
ADIE bit in the PIE1 register. The ADIF bit must be
cleared in software.

Note 1: The ADIF bit is set at the completion of
every conversion, regardless of whether

or not the ADC interrupt is enabled.

2: The ADC operates during Sleep only
when the FRC oscillator is selected.

This interrupt can be generated while the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will wake-up the device. Upon waking from
Sleep, the next instruction following the SLEEP instruc-
tion is always executed. If the user is attempting to
wake-up from Sleep and resume in-line code execu-
tion, the GIE and PEIE bits of the INTCON register
must be disabled. If the GIE and PEIE bits of the
INTCON register are enabled, execution will switch to
the Interrupt Service Routine.

FIGURE 16-3:

16.1.6 RESULT FORMATTING

The 10-bit ADC conversion result can be supplied in
two formats, left justified or right justified. The ADFM bit
of the ADCON/1 register controls the output format.

Figure 16-3 shows the two output formats.

10-BIT ADC CONVERSION RESULT FORMAT

Rev. 10-000064A
12/21/2016

ADRESH ADRESL
worm=oyfmso] [ [ | | | [ [ [ feef [ | | [ [ |
\bit 7 bit 0 bit 7 AL bit OJ
Y Y
10-bit ADC Result Unimplemented: Read as ‘0’
worm=uf [ [ [ [ ] qwse[ [ [ [ [ [ | [ [ [so]
\bit 7 AL bit 0 bit 7 bit OJ

~

Unimplemented: Read as ‘0’

Y
10-bit ADC Result

© 2014-2017 Microchip Technology Inc.
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18.2 Comparator Control

Each comparator has two control registers: CMxCONO
and CMxCON1.

The CMxCONO registers (see Register 18-1) contain
Control and Status bits for the following:

* Enable

» Output selection

» Output polarity

» Speed/Power selection

* Hysteresis enable

» Output synchronization

The CMxCONT1 registers (see Register 18-2) contain
Control bits for the following:

« Interrupt enable

* Interrupt edge polarity

» Positive input channel selection

* Negative input channel selection

18.2.1 COMPARATOR ENABLE

Setting the CxON bit of the CMxCONO register enables
the comparator for operation. Clearing the CxON bit
disables the comparator resulting in minimum current
consumption.

18.2.2 COMPARATOR OUTPUT
SELECTION

The output of the comparator can be monitored by

reading either the CxOUT bit of the CMxCONO register

or the MCxOUT bit of the CMOUT register. In order to

make the output available for an external connection,

the following conditions must be true:

* CxOE bit of the CMxCONO register must be set

» Corresponding TRIS bit must be cleared

* CxON bit of the CMxCONO register must be set

18.2.3 COMPARATOR OUTPUT POLARITY

Inverting the output of the comparator is functionally
equivalent to swapping the comparator inputs. The
polarity of the comparator output can be inverted by
setting the CxPOL bit of the CMxCONO register.
Clearing the CxPOL bit results in a non-inverted output.

Table 18-2 shows the output state versus input
conditions, including polarity control.

TABLE 18-2: COMPARATOR OUTPUT
STATE VS. INPUT

CONDITIONS
Input Condition CxPOL CxOuUT
CxVN > CxVp 0 0
CxVN < CxVp 0 1
CxVN > CxVP 1 1
CxVN < CxVpP 1 0

Note 1: The CxOE bit of the CMxCONO register
overrides the PORT data latch. Setting
the CxON bit of the CMxCONO register
has no impact on the port override.

2: The internal output of the comparator is
latched with each instruction cycle.
Unless otherwise specified, external
outputs are not latched.

18.2.4 COMPARATOR SPEED/POWER
SELECTION

The trade-off between speed or power can be
optimized during program execution with the CxSP
control bit. The default state for this bit is ‘1’ which
selects the Normal Speed mode. Device power
consumption can be optimized at the cost of slower
comparator propagation delay by clearing the CxSP bit
to ‘0.

© 2014-2017 Microchip Technology Inc.
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21.8 Register Definitions: Timerl Control

REGISTER 21-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0/u R/W-0/u R/W-0/u R/W-0/u u-0 R/W-0/u uU-0 R/W-0/u
TMR1CS<1:0> T1CKPS<1:0> — T1SYNC — TMR10ON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 TMR1CS<1:0>: Timer1 Clock Source Select bits
11 =LFINTOSC
10 =T1CKI
01 =Fosc
00 =Fosc/4
bit 5-4 T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits

11 =1:8 Prescale value
10 =1:4 Prescale value
01 =1:2 Prescale value
00 =1:1 Prescale value

bit 3 Unimplemented: Read as ‘0’
bit 2 T1SYNC: Timer1 Synchronization Control bit

1 = Do not synchronize asynchronous clock input
0 = Synchronize asynchronous clock input with system clock (FOSC)

bit 1 Unimplemented: Read as ‘0’
bit 0 TMR1ON: Timer1 On bit

1 = Enables Timer1
0 = Stops Timer1 and clears Timer1 gate flip-flop

© 2014-2017 Microchip Technology Inc. DS40001737C-page 200
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TABLE 21-5: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER1
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁgpi?geé
ANSELA — — — ANSA4 — ANSA2 ANSA1 ANSAO 136
APFCON — CWGASEL® | CWGBSEL® — T1GSEL — CCP2SEL® | CCP1SEL® 132
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF I0CIF 82
PIE1 TMR1GIE ADIE — — — CCP1IE TMR2IE TMR1IE 83
PIR1 TMR1GIF ADIF — — — CCP1IF TMR2IF TMR1IF 87
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Count 196*
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Count 196*
TMR3H Holding Register for the Most Significant Byte of the 16-bit TMR3 Count 196*
TMR3L Holding Register for the Least Significant Byte of the 16-bit TMR3 Count 196*
TMR5H Holding Register for the Most Significant Byte of the 16-bit TMRS5 Count 196*
TMR5L Holding Register for the Least Significant Byte of the 16-bit TMR5 Count 196*
TRISA — — TRISA5 TRISA4 —® TRISA2 TRISA1 TRISAO 135
T1CON TMR1CS<1:0> T1CKPS<1:0> — T1SYNC — TMR1ON 200
T1GCON TMR1GE T1GPOL T1GTM T1GSPM T%)/ T1GVAL T1GSS<1:0> 201
T3CON TMR3CS<1:0> T3CKPS<1:0> — T3SYNC — ‘ TMR3ON 200
T3GCON TMR3GE T3GPOL T3GTM T3GSPM T%SS/ T3GVAL T3GSS<1:0> 201
T5CON TMR5CS<1:0> T5CKPS<1:0> — T5SYNC — ‘ TMR50N 200
T5GCON TMR5GE T5GPOL T5GTM T5GSPM T%ﬁg/ T5GVAL T5GSS<1:0> 201
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by the Timer1 module.
*  Page provides register information.
Note 1: Unimplemented, read as ‘1’.

2:
3:

PIC12(L)F1612 only.
PIC16(L)F1613 only.

© 2014-2017 Microchip Technology Inc.
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22.3 Timer2 Output

The Timer2 module’s primary output is TMR2_posts-
caled, which pulses for a single TMR2_clk period upon
each match of the postscaler counter and the OUTPS
TMR2xCON. The PR2 postscaler is incremented each
time the TMR2 value matches the PR2 value. this sig-
nal can be selected as an input to several other input
modules:

* The CRC memory scanner, as a trigger for
Triggered mode

» The ADC module, as an auto-conversion trigger

* Both SMT modules, as both a window and/or a
signal input

* CWG, as an auto-shutdown source

In addition, the Timer2 is also used by the CCP module
for pulse generation in PWM mode. Both the actual
TMR2 value as well as other internal signals are sent to
the CCP module to properly clock both the period and
pulse width of the PWM signal. See
Section23.4 “CCP/PWM Clock Selection” for more
details on setting up Timer2 for use with the CCP, as
well as the timing diagrams in
Section22.5 “Operation Examples” for examples of
how the varying Timer2 modes affect CCP PWM out-
put.

22.4 External Reset Sources

In addition to the clock source, the Timer2 also takes in
an external Reset source. This external Reset source
is selected for Timer2, Timer4, and Timer6 with the
T2RST, T4RST, and T6RST registers, respectively.
This source can control starting and stopping of the
timer, as well as resetting the timer, depending on
which mode the timer is in. The mode of the timer is
controlled by the MODE<3:0> bits of the TxHLT
register.

22.5 Operation Examples

Unless otherwise specified, the following notes apply to
the following timing diagrams:

- Both the prescaler and postscaler are set to
1:1 (both the CKPS and OUTPS bits in the
TxCON register are cleared).

- The diagrams illustrate any clock except
Fosc/4 and show clock-sync delays of at
least two full cycles for both ON and
TMRx_ers. When using Fosc/4, the clock-
sync delay is at least one instruction period
for TMRx_ers; ON applies in the next instruc-
tion period.

- ON and TMRx_ers are somewhat general-
ized, and clock-sync delays may produce
results that are slightly different than illus-
trated.

- The PWM Duty Cycle and PWM output are
illustrated assuming that the timer is used for
the PWM function of the CCP module as
described in Section23.4 “CCP/PWM Clock
Selection”. The signals are not a part of the
Timer2 module.

Note:  The CKSYNC bit should be set while
running Timer2/4/6 in order to ensure
proper operation of the timer and its
interactions with other modules. Clearing
the CKSYNC bit should be done only in
specific cases where a very specific
number of clock cycles is desired, and

should only be done with extreme caution.

Note 1: Because of Synchronization, there needs
to be at least six clock pulses between
each external Reset signal pulse while in
edge-triggered modes. A second pulse
fewer than six clock pulses after a first will
not be detected by the module. Similarly,
in level-triggered modes, the input signal
active time must be at least three clock
pulses wide to be detected.

2: While the part is in a debug freeze state,
external Reset sources will continue to
trigger.

© 2014-2017 Microchip Technology Inc.
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23.3 PWM Overview

Pulse-Width Modulation (PWM) is a scheme that
provides power to a load by switching quickly between
fully on and fully off states. The PWM signal resembles
a square wave where the high portion of the signal is
considered the on state and the low portion of the signal
is considered the off state. The high portion, also known
as the pulse width, can vary in time and is defined in
steps. A larger number of steps applied, which
lengthens the pulse width, also supplies more power to
the load. Lowering the number of steps applied, which
shortens the pulse width, supplies less power. The
PWM period is defined as the duration of one complete
cycle or the total amount of on and off time combined.

PWM resolution defines the maximum number of steps
that can be present in a single PWM period. A higher
resolution allows for more precise control of the pulse
width time and in turn the power that is applied to the
load.

FIGURE 23-3:

The term duty cycle describes the proportion of the on
time to the off time and is expressed in percentages,
where 0% is fully off and 100% is fully on. A lower duty
cycle corresponds to less power applied and a higher
duty cycle corresponds to more power applied.

SIMPLIFIED PWM BLOCK DIAGRAM

Duty cycle registers
| CCPRXH  CCPRxL |

10-bit Latch®
(Not visible to user) =

N

‘ Comparator } R

Rev. 10-000157A
1011412015

CCPx_out
To Peripherals

set CCPIF

o

L TMR2 R |

% {} ERS logic —
; —

‘ Comparator

T

\ PR2 \

time-base.

information.

CCPx_pset

Note 1: 8-bit timer is concatenated with two bits generated by Fosc or two bits of the internal prescaler to create 10-bit

2:  The alignment of the 10 bits from the CCPR register is determined by the FMT bit. Refer to Figure 23-4 for more

@ CCPx

TRIS Control
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FIGURE 24-5:

CWG OUTPUT BLOCK DIAGRAM

CWG_dataA :)
POLA

OVRA
CWG_dataB :)
POLB
OVRB
CWG_dataC :)
POLC
OVRC
CWG_dataD :)
POLD
OVRD

Note 1:

LSAC<1:0>

q
o

High Z—
0
STRAM
LSBD<1:0>
‘1'— 11
‘0'— 10
HighZz— o1
00
0
STRB"
LSAC<1:0>
‘1'— 11
‘0'— 10
Highz— o1
00
0
STRC™
LSBD<1:0>
|
o —]
High Z—
0
STRD™

o

o

CWG_shutdown

OEA

OEB

OEC

TRIS Control

TRIS Control

TRIS Control

TRIS Control

STRx is held to 1 in all modes other than Output Steering Mode.
2: PIC16(L)F1613 ONLY

Rev. 10-000 171A
12119/2013

CWGxA

CWGxB

CWGxC®

CWGxD®?
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MOVF

Move f

MOVIW

Move INDFn to W

Syntax:

Operands:

Operation:

Status Affected:

Description:

Words:
Cycles:
Example:

[label] MOVF fd

0<f<127

d e [0,1]

(f) > (dest)

z

The contents of register f is moved to
a destination dependent upon the
status of d. If d = 0, destination is W
register. If d = 1, the destination is file
register fitself. d = 1 is useful to test a
file register since status flag Z is
affected.

1
1
MOVF FSR, 0

After Instruction
W = value in FSR register
Z =1

Syntax:

Operands:

Operation:

Status Affected:

[ label | MOVIW ++FSRn
[ label | MOVIW --FSRn
[ label | MOVIW FSRn++
[ label | MOVIW FSRn--
[ label ] MOVIW K[FSRn]

n e [0,1]
mm e [00,01, 10, 11]
-32 <k <31

INDFn —» W

Effective address is determined by
* FSR + 1 (preincrement)

* FSR -1 (predecrement)

* FSR + k (relative offset)

After the Move, the FSR value will be
either:

* FSR + 1 (all increments)

* FSR -1 (all decrements)

* Unchanged

z

Mode

Syntax mm

Preincrement
Predecrement
Postincrement

Postdecrement

++FSRn 00
--FSRn 01
FSRn++ 10
FSRn-- 11

Description:

MOVLB

This instruction is used to move data
between W and one of the indirect
registers (INDFn). Before/after this
move, the pointer (FSRn) is updated by
pre/post incrementing/decrementing it.

Note: The INDFn registers are not
physical registers. Any instruction that
accesses an INDFn register actually
accesses the register at the address
specified by the FSRn.

FSRn is limited to the range 0000h -
FFFFh. Incrementing/decrementing it
beyond these bounds will cause it to
wrap-around.

Move literal to BSR

Syntax:
Operands:
Operation:
Status Affected:

Description:

[label ] MOVLB k
0<k<31

k - BSR

None

The 5-bit literal 'k’ is loaded into the
Bank Select Register (BSR).
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FIGURE 28-7: CLKOUT AND I/O TIMING
Cycle Write Fetch Read Execute
Q4 C Q1 o Q2 . Q3 )
Fosc / Y ; :
/e o811 /, , :
. e+ 10520 ! :
cLkout AN - : ' .. 0821 : : :
o '« 0S19 R '0s16 ! - :4_0518 :
Ll oS i0317 : : : :
110 pin Al y \ / ! !
(Input) [ ) A I ! ' ' !
\._OS15 _! e 0S14 X : .
1/0 pin \ ! \ \
(Output) Old Value , : f ' X New Value X
X ' '<_ 0S18,0S19 ' '
TABLE 28-10: CLKOUT AND I/O TIMING PARAMETERS
Standard Operating Conditions (unless otherwise stated)
Pa’\:gm. Sym. Characteristic Min. Typt | Max. | Units Conditions
0S11 | TosH2ckL |Fosc? to CLKOUTL — — 70 ns |[3.3V<Vbp<5.0V
0S12  |TosH2ckH |Fosc? to CLKOUTT() — — 72 ns |3.3V<VDD<5.0V
0S13  |TckL2ioV | CLKOUTY to Port out valid® — — 20 ns
0S14 |TioV2ckH | Port input valid before CLKOUTT® Tosc+200ns | — — ns
0s15 TosH2ioV FoscT (Q1 cycle) to Port out valid — 50 70* ns |[3.3V<VDD<5.0V
0Ss16 TosH2iol FoscT (Q2 cycle) to Port input invalid 50 — — ns |[3.3V<VDD<5.0V
(I/O in setup time)
0817 TioV2osH Port input valid to Fosc™T (Q2 cycle) 20 — — ns
(I/O in setup time)
0S18* | TioR Port output rise time — 40 72 ns |VDD=1.8V
— 15 32 3.3V<VbD <5.0V
0S19* | TioF Port output fall time — 28 55 ns |VDD=1.8V
— 15 30 3.3V<VbD<5.0V
0S20* |Tinp INT pin input high or low time 25 — — ns
0S21* | Tioc Interrupt-on-change new input level time 25 — — ns

*

These parameters are characterized but not tested.

1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated.
Note 1: Measurements are taken in EXTRC mode where CLKOUT output is 4 x ToscC.
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29.0 DCAND AC
CHARACTERISTICS GRAPHS
AND CHARTS

The graphs and tables provided in this section are for design guidance and are not tested.

In some graphs or tables, the data presented are outside specified operating range (i.e., outside specified VDD
range). This is for information only and devices are ensured to operate properly only within the specified range.

Unless otherwise noted, all graphs apply to both the L and LF devices.

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

“Typical” represents the mean of the distribution at 25°C. “Maximum”, “Max.”, “Minimum” or “Min.”
represents (mean + 3c) or (mean - 3c) respectively, where o is a standard deviation, over each
temperature range.
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Note: Unless otherwise noted, VIN = 5V, Fosc = 500 kHz, CIN = 0.1 pF, TA = 25°C.

16
s ‘I:‘—‘ 16 MHz 12
K Typical: 25°C // , Max.
1.0 /I/ 8 MHz R 0.8
é 0.8 _ 4 MHz ;% 06 4%?;:5@
0.6 2 MH:
// 0.4
0.4 — +MH Typical
02 02 —
00 0
2.0 25 3.0 3.5 4.0 4.5 5.0 5.5 6.0 2.0 25 3.0 3.5 4.0 4.5 5.0 5.5 6.0
VoD (V) Vo (V)
FIGURE 29-19: IDD Typical, HFINTOSC FIGURE 29-22: IPD Base, LP Sleep Mode
Mode, PIC12F1612/16F1613 Only. (VREGPM = 1), PIC12F1612/16F1613 Only.
6 16 MHz 3
14 ﬂ:‘m FoRE Typeal 257G
' ' / 5
12 e ’ —
// & MHz P Max. —
< * E ////
E o8 4 MHz 2 15
8 Pl =
0.6 — 2 MH: 1
04 — 1 MHz Typical//// —|
05
02
o.ozO e - - - - p” e o 01.s 18 20 22 24 26 28 30 32 34 36 38
Vbp (V) VoD (V)
FIGURE 29-20: IDb Maximum, HFINTOSC FIGURE 29-23: IPD, Watchdog Timer (WDT),
Mode, PIC12F1612/16F1613 Only. PIC12LF1612/16F1613 Only.
450 25
400 Max. | 'IMyap)?:c:ﬁbZCS:CSG
350 —] 2 Max. —
300 — 1 | | |
_ z 15
g 250 2
F o ] o
150 : Typical
100 05
50 Typical
i 15 20 22 24 28 2.‘8 30 32 34 36 38 *20 25 30 35 40 45 50 55 6.0
Vop (V) Vob (V)
FIGURE 29-21: IPD Base, LP Sleep Mode, FIGURE 29-24: IPD, Watchdog Timer (WDT),
PIC12LF1612/16F1613 Only. PIC12F1612/16F1613 Only.

© DS40001737C-page 350 © 2014-2017 Microchip Technology Inc.



PIC12(L)F1612/16(L)F1613

Note: Unless otherwise noted, VIN = 5V, Fosc = 500 kHz, CIN = 0.1 pF, TA = 25°C.
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FIGURE 29-71:

High Range, Temp. =

Only.

Temp. Indicator Initial Offset,
20°C, PIC12F1612/16F1613
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FIGURE 29-72:

Temp. Indicator Initial Offset,
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ADC Output Codes

-25
- /

-75

-50 -25 0

25 50 75
Temperature (°C)

FIGURE 29-74:

Temp. Indicator Slope

Normalized to 20°C, High Range, VDD = 5.5V,
PIC12F1612/16F1613 Only.

Low Range, Temp. = 20°C, PIC12F1612/16F1613
Only.
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FIGURE 29-73:

Temp. Indicator Initial Offset,
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FIGURE 29-75: Temp. Indicator Slope
Normalized to 20°C, High Range, VDD = 3.0V,
PIC12F1612/16F1613 Only.
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FIGURE 29-76:

Temp. Indicator Slope

Low Range, Temp. = 20°C,
PIC12LF1612/16F1613 Only.

Normalized to 20°C, Low Range, VbD = 3.0V,
PIC12F1612/16F1613 Only.
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14-Lead Plastic Thin Shrink Small Outline (ST) - 4.4 mm Body [TSSOP]

http://www.microchip.com/packaging

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

C1
. | |
1 1] [ E
[ ] [ ] — G
I — ]
\ " Y1 L
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Contact Pad Spacing C1 5.90
Contact Pad Width (X14) X1 0.45
Contact Pad Length (X14) Y1 1.45
Distance Between Pads G 0.20

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2087A
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection
features of our products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millen-
nium Copyright Act. If such acts allow unauthorized access to your software or other copyrighted work, you may have

a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify
and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No
licenses are conveyed, implicitly or otherwise, under any
Microchip intellectual property rights unless otherwise stated.

Microchip received ISO/TS-16949:2009 certification for
its worldwide headquarters, design and wafer fabrica-
tion facilities in Chandler and Tempe, Arizona;
Gresham, Oregon and design centers in California and
India. The Company’s quality system processes and
procedures are for its PIC®* MCUs and dsPICe DSCs,
KeeLoQe code hopping devices, Serial EEPROMS,
microperipherals, nonvolatile memory and analog
products. In addition, Microchip’s quality system for the
design and manufacture of development systems is
ISO 9001:2000 certified.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate,
dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeelLoq, Kee-
Log logo, Kleer, LANCheck, LINK MD, MediaLB, MOST,
MOST logo, MPLAB, OptoLyzer, PIC, PICSTART, PIC32 logo,
RightTouch, SpyNIC, SST, SST Logo, SuperFlash and UNI/O
are registered trademarks of Microchip Technology Incorpo-
rated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company,
ETHERSYNCH, Hyper Speed Control, HyperLight Load, Intel-
lIMOS, mTouch, Precision Edge, and QUIET-WIRE are regis-
tered trademarks of Microchip Technology Incorporated in the
US.A.

Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut,
BodyCom, chipKIT, chipKIT logo, CodeGuard, dsPICDEM,
dsPICDEM.net, Dynamic Average Matching, DAM, ECAN,
EtherGREEN, In-Circuit Serial Programming, ICSP, Inter-Chip
Connectivity, JitterBlocker, KleerNet, KleerNet logo, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB,
MPLINK, MultiTRAK, NetDetach, Omniscient Code Genera-
tion, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon,
RightTouch logo, REAL ICE, Ripple Blocker, Serial Quad 1/0O,
SQI, SuperSwitcher, SuperSwitcher I, Total Endurance,
TSHARC, USBCheck, VariSense, ViewSpan, WiperLock,
Wireless DNA, and ZENA are trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

Silicon Storage Technology is a registered trademark of Micro-
chip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology
Germany Il GmbH & Co. KG, a subsidiary of Microchip Tech-
nology Inc., in other countries.

All other trademarks mentioned herein are property of their
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